Some features of hydrogen (ion) secretion by the frog skin.
We have studied the movements of H+ from the in vitro frog skin into the outside solution because it has been suggested that the movement of sodium from the outside solution into the skin may result from the forced exchange of Na+ by H+. Our main observations can be summarized as follows: (a) Hydrogen moves from the skin into the outside solution at a rate of 0.04 muequiv-cm-2-h-1 while Na+ influx had a value of 0.49 muequiv-cm-2-h-1. (b) The rate of H+ secretion is not significantly affected by substituting the Na+ in the outside solution by K+ nor by inhibiting Na+ influx with amiloride (5-10(-5) M). (c) Acetazolamide (5-10(-3) M) blocked H+ secretion without altering the potential difference across the skin. (d) The rate of H+ production is not underestimated because it may have been neutralized by HCO3- secreted into the outside solution in exchange for Cl-. Substituting all the Cl- by SO4(2-) in the outside solutions does not result in an increase in the rate of H+ production. (e) The steady-state rate of H+ secretion is not affected by large changes in electrochemical potential gradients for H+. Neither abolishing the potential difference across the skin nor a 10-fold change in H+ concentration in the outside solution affected significantly the steady-state rate of H+ secretion. (f) The H+ secretion was abolished by the metabolic inhibitors dinitrophenol (1-10(-4) M) and Antimycin A (1.5-10(-6) M) which also markedly reduced the potential difference across the skin. Observations (a), (b), and (c) suggest that H+ and Na+ movements across the outer border of the isolated frog skin are not coupled. The ratio of Na+ to H+ movements is very different from unity and Na+ movements can be abolished without any effects on H+ secretion and conversely H+ movements can be abolished without interruption of Na+ uptake. A second conclusion suggested by these results is that the H+ secretion does not result from movement of H+ following its electrochemical potential gradient since that rate of secretion is not affected by marked changes in either potential or [H+]. Furthermore, the effects of metabolic inhibitors suggest that H+ secretion requires the expenditure of energy by the cell.